Abstract. Because of its complexity from both a legal and economic standpoint, the problem of optimal waste load allocation is multiobjective by nature and should be treated accordingly. To perform this task, an optimization technique known as fuzzy linear programming is utilized in solving a multipledischarge, two-objective waste load allocation problem. The two objectives considered are: (1) the maximization of waste discharge and (2) the minimization of the largest difference in equity measure between the various dischargers. Results from this study reveal that fuzzy linear programming is a valuable tool for solving the multiple-objective water quality management problems. Moreover, it is shown that the selection of a linear or logistic membership function in providing preference criteria between the two objects, has no effect on the 'best compromising solution'.
Introduction
Ever since the introduction of the original Streeter-Phelps equation in 1925 (Streeter and Phelps, 1925) , researchers have conducted a number of studies in attempts to understand more fully the natural assimilative capacity of streams and the interaction of waste discharge and dissolved oxygen (DO) within the stream environment. Moreover, with the conception and growth in popularity of a number of optimization techniques, the problem of optimal waste load allocation (WLA) has been formulated and solved using a variety of mathematical techniques. The idea of optimizing waste discharge to a receiving stream is certainly not new to the field of water quality management. The work presented by Loucks et al. (1967) and ReVelle et al. (1968) are some of the notable contributions to the use of singleobjective linear programming (LP) in solving the problem of deterministic optimal WLA. Other optimization techniques, such as dynamic and geometric programming, have also been utilized by Liebman and Lynn (1966) and Ecker (1975) .
Although these techniques have been praised by many as useful tools in the regulation and management of aquatic environments, some have criticised their over-simplification within the decision-making process in arriving at the so-called 'optimum solution'. It should be pointed out that much of the research work conducted in this area, to date, has centered around the use of a single-objective function optimization (i.e. the minimization of treatment costs or the maximization of waste discharge). The so-called 'optimum solutions' are obtained based on a single measure of utility for the feasible alternatives. The validity or usefulness of optimal solutions obtained in this fashion may be questioned. In reality, most environmental problems are inherently complex from both a legal and economic viewpoint. It is unlikely that a truly optimum solution can be obtained by using only one measure of utility to identify the best alternative, Rather, a solution based on a number of desired objectives which consider a multitude of legal and economic factors would likely provide a more realistic solution to the WLA problem.
To perform such an analysis, the methods of multi-objective analysis can be utilized. It is ~within this framework that the analyst is simultaneously allowed to incorporate the tradeoff of a variety of noncommensurable, mutually conflicting objectives. A number of multi-objective analysis techniques have already been developed. For a thorough review of multi-objective methodologies, readers are referred to Monarchi et al. (1973) and Cohon (1978) . It is not the intention of this article to develop another, but rather to utilize an existing methodology believed to be a potentially useful tool in solving such problems. Of particular interest in this study are the methodologies for solving the tradeoff of a bi-objective model. The methodology used here is known as fuzzy linear programming (FLP) and will be shown to be a tractable technique for solving the WLA problem within a biobjective framework. 
subject to g(X) <~ 0,
where z(X) is a k-dimensional vector of the objective functions, X is an n-dimensional vector containing the decision variables, and g(X) is an m-dimensional vector of constraints.
